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Aim of DES is to study the nature of dark energy
DES has four probes to study dark energy:
 1. clusters  
 2. large scale structures
 3. weak lensing
 4. supernovae                  30 deg2 repeated survey 

5000 deg2 survey}
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- observe sufficient SN to obtain redshift-brightness relation to measure
    equation of state of DE
- expect to observe ! 4000 SN Ia, up to z ! 1.2
- detection have happened even during Science Verification stage
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Figure 1. DES footprint. The white squares indicate the locations of our current choice of five SN fields (see Section 3.1). For the survey strategies considered in this
analysis with additional shallow fields, those fields are placed next to these five fields. The size of the squares as shown is much larger than the 3 deg2 field of view of
DECam in order to make them easier to see in this figure. The scale shows the log of r band (as defined in Section 3.1) Galactic extinction in magnitudes.
(A color version of this figure is available in the online journal.)
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Figure 2. Comparison of the SNLS (Regnault et al. 2009) and DECam total
transmission (H. Lin 2011, private communication) for an air mass of 1.3. Also
shown is the CCD quantum efficiency (QE). The total transmission includes
the effects of QE, the atmosphere, and the optical systems of the relevant
cameras. Note the increased DES sensitivity at redder wavelengths. The DECam
transmission is based on measurements of the full-size filters, which was not
available during the simulations performed for this analysis. The assumed
transmission in this paper is about 10% smaller than the measured values.

Observatory (CTIO). The DES SN component will use approx-
imately 10% of the total survey time during photometric condi-
tions and make maximal use of the non-photometric time, for a
total SN survey of ∼1300 hr. The DECam focal plane detectors
(Estrada et al. 2010) are thick CCDs from Lawrence Berkeley
National Laboratory, which are characterized by much improved
red sensitivity relative to conventional CCDs (see Figure 2; as
well as Holland 2002; Groom et al. 2006; Diehl et al. 2008).
This will allow for deeper measurements in the redder bands,
which is of particular importance for high-redshift SNe. This
effect is shown in Figure 3, which plots simulated scatter in the
SALT2 (Guy et al. 2007) SN color parameter (see Section 5.2)
for the SDSS, SNLS, and DES. Note, in particular, the superior
high-redshift color measurements in the DES deep fields (see
Section 3.1). Details of the simulation method can be found in
Section 2. The implementation for the DES, e.g., an exposure
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Figure 3. Simulation of the scatter in the SALT2 color parameter for the SDSS,
SNLS, and DES supernova samples highlighting the red advantage of the DES.
The simulation method and DES implementation are discussed in Sections 2
and 3, respectively.
(A color version of this figure is available in the online journal.)

time of approximately an hour in the SDSS-like z passband per
field per observation, is discussed in Section 3.

An accurate redshift determination (to ∼0.5%) is necessary
to place an SN on the Hubble diagram. This can be obtained by
taking a spectrum of the SN itself or of its host galaxy. A spec-
trum of the SN has the added advantage of providing a definitive
confirmation of the SN type, and allowing for studies of sys-
tematic variations, but is more difficult to obtain. Follow-up
spectroscopy of the host galaxy can be done at a later date, tak-
ing advantage of multi-object spectrograph (MOS) capabilities
to obtain many spectra at once. Photometric redshifts can also
be obtained using deep co-added photometry of the host galaxy,
but the redshift accuracy is degraded, reducing the usefulness
of the SN for cosmological measurements. The existing SNIa
samples from previous surveys include a subset of SNe with
measured spectra consisting of ∼1000 SNeIa spread out over
many surveys (Sullivan et al. 2011; Amanullah et al. 2010, and
references therein), and the remainder includes many more SNe
with host spectra or host and/or SN photometric redshifts. The
usefulness of the current photometric samples depends on the
fraction of host galaxies that will be followed-up, a number that
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5000 deg2 survey}
- observe sufficient SN to obtain redshift-brightness relation to measure
    equation of state of DE
- expect to observe ! 4000 SN Ia, up to z ! 1.2
- detection have happened even during Science Verification stage

Main survey field SN fields 10 SN fields: 
• 8 shallow 
    i band: 200 sec exposure
    magnitude up to 25.9/year
• 2 deep 
    i band: 1800 sec exposure 
    magnitude up to 27.0/year
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! SN working group has been very busy during Science Verification
" Fermilab SN group is actively involved 
  - Eun-Joo Ahn, Dave Finley, Josh Frieman, John Marriner, Wyatt Merritt, William Wester and others 
• Develop, test, run difference imaging software 
• SN candidates selected -> scanned for real SN
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! How to detect a SN:
   - make repeated observations of a given area in the sky, compare the images
      and look for differences.

Observed: 
1) Nov 7th 2012
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๏ To become a SN candidate: 
  - multiple observations on different nights and on different filtres ([griz]: 475-925 nm)

“Mag” = apparent magnitude  (m ∝ -2.5log[flux];  human eye limit ! 6)
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๏ To become a SN candidate: 
  - multiple observations on different nights and on different filtres

first night
(Dec 6th)

another night
(Dec 9th)

host galaxy

something at 
edge of host 

galaxy
Subtract template image 

from search image

Composite images 
taken in different 
times at the same 
location (eliminate 
temporal artifacts)

one image
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• Prevent bad artifacts from entering the candidate list

Example of bad CCD column

! So far, many photometric SN candidates, and ...

• Refine photometric classification scheme
• Working in coordination with other big telescopes with spectroscopic capabilities

- incorporate a comprehensive bad CCD pixel mask and other artifacts into pipeline
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not caught by mask

http://www.astronomerstelegram.org/?read=4668

Three SNIa confirmed spectroscopically with the Anglo-Australian Telescope!!
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SN1a light curve
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Future plans
• Perfect software pipeline
• Continue coordination with other observatories for spectroscopic follow up
• Experiment will go on for 5 years
# Expect more photometric SNIa discoveries and spectroscopic confirmations!
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